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EXECUTIVE SUMMARY

This document is a composition of requirements for IPD/BIM Existing Conditions modeling and
Lighting/Electrical option Technical Assignment I. Through negotiation with instructors, the scope of
Technical Assignment this document includes a description of an Existing Conditions Model for the
Millennium Science Complex, a discussion of existing room conditions with respect to lighting, existing
lighting conditions of spaces, and a report on the state of lighting analysis in BIM programs — specifically
Revit MEP.

Lighting/Electrical students from three groups collaborated to compose this document. The existing
conditions model is an edited Revit MEP model of the third floor. All teams agreed to use this section of
the building due to its wide variety of spaces that appease requirements for the majority of technical
assignments and design opportunity. The modeling process for power systems, circuiting, and conduits
will be discussed in this section of the report.

Students researched architectural drawings, electrical drawings, schedules, and specifications to
compose existing room conditions data and models. The scope of this section includes material finishes,
lighting equipment, design criteria, and existing lighting calculation software analysis.

Finally, a discussion on the present state of lighting design in BIM will be presented. This discussion will
include topics of user ability to set material properties, input design criteria into spaces, and how Revit
MEP calculates an average illuminance for spaces.

BIM/IPD Team #3 AE Senior Thesis 2010/2011
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Existing Conditions Model

This section discusses processes to provide an “as accurate as possible” fully-functional model of the
third floor of the Millennium Science Complex. Topics will include 2D vs. 3D modeling, translating from
2D to 3D, and issues with using platforms such as Revit MEP. The breakdown of subsections includes:

Power System
Circuiting
Conduits

Power System
Existing conditions of the 3™ floor are being modeled in Revit MEP. The primary goal is to have a
completely functional MEP model for ease of design changes in the future.

A common problem with non-interconnected modeling systems, such as CAD drafting, is extra work
entailed to make changes. Once an item is changed on a sheet, it usually must be changed on several
other sheets as well, leaving room for omissions and errors.

For example, in reviewing Bulletin 19 construction documents, it is evident that this problem exists in
the Millennium Science Complex project. In this latest revision, several panels have been removed, and
it is not clear as to which panels were removed. One-line diagrams, Riser Diagrams, Panel Schedules, and
Floor plans all communicate conflicting information. Upon viewing these changes, the contractor must
file requests for information and wait for an RFI response — which can be upwards of weeks to respond.

With the proper use of a quality engineering based BIM program, it is possible to avoid such confusion.
For instance, if a circuit is edited on a floor plan, the panel schedule will be updated accordingly. If this
branch panel is connected to a distribution panel, it will update the feeding panel and so on.

Circuiting

In modeling the existing conditions of the third floor, circuits of receptacles were the first items to be
completed. For proper circuiting, the receptacle family must be correct in size, voltage, number of
poles, load classification, and apparent load. With these parameters correctly input, the system can be
intelligently added to apparent and demand loads on panel schedules.

- AE Senior Thesis 2010/2011 BIM/IPD Team #3
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Figure 1: Family Types

Identity data (Figure 1) can be utilized for cost purposes, and even for submittal purposes. If the exact
receptacle that will be used is known, a direct web link can be added to a cut sheet of that receptacle.
Cost data can be entered, and in doing quantity take-offs, these values can be easily added. Providing
Revit MEP models with this information on a large scale to contractors will allow for more accurate
bidding in the future, saving the owner more money that could be lost in change orders.

Now that the receptacle in Figure 1 above has been edited to a quad receptacle using 400VA on 120V,
the next step is to add that receptacle to a circuit.

The example in Figure 2 is a pre-built furniture system
that requires receptacles and data outlets to be installed
and wired. Four receptacles and data outlets per post in
the furniture were called for in the design.

Figure 2: Assigning Receptacles

The question marks indicate the receptacles have not yet been
assigned to a circuit yet (Figure 2). It’s an annotative tag that is
automatically placed into the receptacle family that will be
updated with the panel name and circuit number. These
receptacles are to be circuited to panel LR-3C2, a 42-pole
208Y/120V panel.

LR-3C2 is shown here, it has already been set up according to
the parameters obtained from the current drawings (Figure 3). Figure 3: Panel LR-3C2

BIM/IPD Team #3 AE Senior Thesis 2010/2011
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Next, selecting the appropriate receptacles and clicking the power button will allow them to be
connected to a panel (Figure 4).
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Figure 4: Powering the circuit.

After selecting the panel LR-3C2, the
annotation tags will automatically update,
p showing the designer the connected panel
LR-3C2: 21 ' and circuit number. These tags can be edited
to look like a CAD standard format
appropriate for the design firm. This tag was
edited to be “PANEL NAME: CIRCUIT
LR-3C2: 21 . NUMBER” (Figure 5).

Figure 5: Updated annotation tags.
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” The home run technique (Figure 6) can be
- LR-3C2: 21 ' easily utilized with the touch of a button as
well. Although, Revit MEP will not
automatically place tick marks on the wires,
it is an available tool.

LR-3C2: 21

Figure 6: Home run technique.

The circuit was automatically named “P.C. Fiis = e
recept Neurophys Invitro W-321.” This was a [=1t =— I S
parameter of the receptacle edited to read :
“RECEPTACLE TYPE; ROOM NAME; ROOM i _
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NUMBER” for ease of reference (Figure 7). The 1 -1 —— 1
circuit was placed on the first available space = iie ERELD - — —
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circuit #21. o vk . ]
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Figure 7: Receptacle naming.
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Moving the circuit with the “move
L ) . I-l  up/down/left/right” commands places in its
appropriate place on #30. Since the circuit was
moved from Phase B to Phase C, the schedule

i ; 1 adds loads automatically, such as a spread
I= ) sheet would on typical electrical design jobs
31 - - == - (Figure 8).
1 1 1
4 -+ t ‘

Figure 8: Moving circuits on the panel board.
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Another improvement for electrical systems in RevitMEP 2011 is the ability to customize a panel
schedule to look the way the user would like. The panel schedule shown in Figure 8 has been customized
to be formatted for construction documents.

Conduits

For coordination purposes, the Millennium Science Complex requires each contractor to create a BIM
coordination model. The electrical contractors were to draw feeder conduits and panels. They were able
to provide the IPD/BIM teams with current AutoCAD MEP models of their work to date. These conduits
are being modeled in the RevitMEP model for our own coordination purposes by using the contractor’s
models as a reference for locations and conduit sizes.

Drawing conduit in RevitMEP allows the user to create schedules for quantity take-offs, once again,
allowing for much more accurate bidding.

Modify | Conduits Diameten 4"

Propertie

Conduits (1) | Hi Edit Type
Constraints 2 -

V ication  Middle
THERD FLOOR

- Pawer ; Conduits : Conduit without Fittings : RMC G (Not Editable) 3 - Power v =) &3 Main Mode! « [V|Exclude Options | | Editable Only [~]Press & Drag 7,

w

Figure 9: RevitMEP electrical model.

The image above (Figure 9) shows the electrical components of the RevitMEP model (current as of
9.29.2010). The conduits shown are located in the third floor electrical room of the Material Science
wing. The majority of these conduits are four inch feeders that go either to or from the penthouse. This
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area was a substantial problem area for the coordination team on-site. Once a Navisworks model is
imported, clash detection can be utilized to help coordinate where duct work and electrical equipment
may interfere with each other.

Conduits in RevitMEP are not able to “carry” conductors in them. If this issue were to be resolved in
later versions of the program, voltage drop calculations and wire lengths can be far more accurate.
Currently, RevitMEP uses an X,Y coordinate system to determine a voltage drop calculation. It assumes
the wire length to be as follows:

VOItage DrOP Length = (Xpanel'xclosest electricalequipmet)"'( YpaneI'YcIosest electricalequipmet)

This process essentially adds the shorter sides of a triangle. On a positive note, it does not include the
hypotenuse, allowing the voltage drop calculation to not take the shortest distance the wire could
travel. This means the calculation operates closer to a worst-case-scenario for conductor routing length.
It has not been determined if the voltage drop calculation includes the Z-coordinate. It is not a 100%
accurate calculation at this point in time, but a good place to start for an initial design calculation.

Room Existing Conditions and Design Criteria

The following section consists of three spaces and their existing conditions: a third floor seminar room,
third floor café/lounge area, and the third floor corridor/study area. The items discussed are similar to
Technical Assignment | for Lighting/Electrical thesis students.

Seminar Rooms

Seminar rooms are generally complicated spaces to design. Their use ranges from face-to-face meetings
to video teleconferencing. With the spectrum of casual to difficult visual tasks in the space, at least two
lighting systems should be used. According to the IESNA Lighting Handbook, the systems should be
considered to include the following:

1. A general lighting system in which the control of the illuminance is provided by switches or
dimmers.

2. Asupplementary lighting system consisting of down lighting with dimmer control for slide
projection and other low-level illumination requirements.

3. A perimeter or wall-washing lighting system controlled with dimmers for better visual appeal
and for wall mounted presentations.

Video conferencing will also take place in the seminar rooms in the Millennium Science complex. This
task is challenging to design due to the dual nature of the lighting system’s responsibility. Adequate
light is required for tasks performed by occupants different light is required for illuminating the
occupants enough for far end users to model faces. Occupants should not be forced into feeling as if on
stage for the camera. The existing equipment and design criteria are as follows:

BIM/IPD Team #3 AE Senior Thesis 2010/2011 _
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Fixture Type | Description

DC-1 Kurt Versen Lighting #H8643-SW-WT; 32W Triple Tube CFL; 6”x6” square open aperture ceiling
recessed CFL down light; Supplied with integral electronic ballast with specified ballast factor or
higher; Ballast Factor = 0.98; Operating Voltage = 277V

DC-1A Same as DC-1; Substitute the lamp with a 42W Triple Tube CFL

DC-4-d1 Cooper Lighting #C6142-6181-LI-1G-WF; 42W Triple Tube CFL; 6” round aperture lensed CFL down
light with 10% dimming ballast; Advance Mark 7 Series Ballast with ballast factor = 1.0;
Operating Voltage = 277V

NF-1B-d1 Ledalite #9814-D1-CR&ST-T232-S-(WIRING)-2; (2) 32W T8 Fluorescent Lamps; 1x4 Ceiling recessed
fluorescent down lights with 10% dimming ballast; Advance Mark 7 Series Ballast with ballast
factor = 1.0; Operating Voltage = 277V

Table 1: Seminar Room Lighting Hardware.

Surface Mark/Material Notes

East Wall Painted GWB — Benjamin Moore OC-26 Silver Satin, Specification 09900
eggshell
Acoustic Wall Panel — Novawall 2” Panel, Classic Specification 09900
West Wall Acoustic Wall Panel — Novawall 2” Panel, Classic Specification 09900
North Wall Painted GWB — Benjamin Moore OC-26 Silver Satin, Specification 09900
eggshell
Polyvision 10’ Markerboard — 2’ tack, 6’ marker, 2’ tack;
555 Series
South Wall Painted GWB — Benjamin Moore OC-26 Silver Satin, Specification 09900
eggshell

Folding partition with Maharam Nano Point 901410 Mega
Nano cover in 003 Silver

Doors <2> — Wood veneer — natural maple, small view pane <2> —GL-10, GL-11, GL-12 glazing
<3> — Wood veneer- natural maple, large view pane <3> - GL-10 glazing

Ceiling Armstrong ACT Ultima HRC Beveled Tegular Specification 09500
Painted GWB — Benjamin Moore I-04 White, eggshell Specification 09900

Floor J&J Commercial/Invision Flax Modular 913 Kona Carpet Specification 09685

Glazing GL-10 — Clear float glass, fully tempered, 1/4” Class 1 Clear | Specification 08800

GL-11 — FireLite Plus fire-rated glazing by Nippon Electric
Glass, 5/16” overall, T, = 0.85, p, = 0.09
GL-12 — Laminated safety glass, 1/2”

*Note: Seminar rooms are dividable and thus are mirror of each other.

Table 2: Seminar Room Room Finishes

AE Senior Thesis 2010/2011 BIM/IPD Team #3
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IESNA Design Criteria
Several considerations of high priority must be addressed when designing seminar rooms relative to
both meeting tasks and video conference tasks:

Meeting Tasks [luminance
Appearance of space and luminaires 30 fc Horizontal
Direct glare avoidance 5 fc Vertical

Modeling of faces

Video Conferencing [luminance
Direct glare avoidance 50 fc Horizontal
Modeling of faces 30 fc Vertical

Source-Task-Eye geometry

Visual Display Terminals (VDT) [luminance
3 fc Horizontal
3 fc Vertical
Luminance Ratios
Paper—VDT: 3:1/1:3
Task — Surroundings (adjacent): 3:1/1:3
Task — Remote Surface: 10:1/1:10

Meeting tasks have a variety of ulterior uses. When out-of-town personnel enter the room, it must be
representative of the class and professionalism that Penn State is known for. Uniformity of lighting
zones and the ability to recognize that multiple scene selections are available contribute to dictating
that the room is ready for any activity that may use the space. When general meetings are performed, it
is imperative that occupants are comfortable and able to give full attention to the presenter or speaking
person in the meeting. Avoiding direct glare can be achieved with uniform overhead lighting with
spacing of luminaires out of geometry range for reflection off of tables.

Other considerations stem from the multiple uses of these seminar rooms. The use of a mobile divider
adds complexity to the luminaire layout. When the wall is collapsed, the two room layouts must be
uniform as one large room. When the wall is dividing the space, each room must appear to be its own
entity. This duality is achieved by mirroring one room across the dividing wall. Schemes can be
addressed for specific tasks in the divided rooms also. Task specific down lights deliver vertical
illumination to walls with marker boards and the divider wall. The overhead lighting is on dimmable
ballasts able to reach ten percent output, which allows for reduced glare in teleconferencing and
computer work.

ASHRAE 90.1-2007

All spaces in the Millennium Science Complex will be assumed using the space-by-space method in
ASHRAE 90.1, Table 9.6.1. Lighting Power Density for the seminar space is assumed to fall under the
following class:

Conference/Meeting/Multi-Purpose: 1.3 W/ft’

BIM/IPD Team #3 AE Senior Thesis 2010/2011
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Figure 10: Seminar Rooms Floor Plan.
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Figure 13: Seminar Rooms North Elevation.
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Figure 14: Seminar Rooms West Figure 15: Seminar Rooms East
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Figure 16: Seminar Rooms Lighting Plan Figure 17: Seminar Rooms Floor Finish Plan

Café/Commons

The commons space within the Millennium Science Complex has several uses. First, it is an eating space
and must render food and colors appropriately. Secondly, it is part of pedestrian traffic between the
two wings of the building and must guide occupants as such. Thirdly, it is a gathering space for less
formal meetings and must be dynamic in nature. Materials in the café are relatively uniform, just as the
rest of the building. Existing equipment and design criteria are as follows:
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Fixture Type | Description

DC-1A Kurt Versen Lighting #H8643-SW-WT; 42W Triple Tube CFL; 6”x6” square open aperture ceiling
recessed CFL down light; Supplied with integral electronic ballast with specified ballast factor or
higher; Ballast Factor = 0.98; Operating Voltage = 277V

EL-5 Concealite #F5-REM-75-277VAC; (2) 75W Quartz Halogen GU-10 bi-pin; Ceiling concealed
retractable emergency lighting fixture; Lamps rotate out and switch on upon activation;
Operating Voltage = 277V

NF-5 SE’LUX M100 Staggered #M1R1S-2T8-OD-(Mounting)-(Length)-WH-277; (2) T8 Fluorescent lamps;
Recessed linear fluorescent slot lights with lens; Ballast Factor = 0.88; Operating Voltage = 277V

NF-5-d1 NF-5 with specified dimming ballast

NF-10 Ledalite #3808-t02-E-N-(Length)-1-277-E-W; (2) T8 Fluorescent lamps; Shelf top surface mounted
asymmetrical ceiling washer linear fluorescent fixture; Ballast Factor = 0.88; Operating Voltage =
277V

Table 3: Café/Commons Lighting Hardware

Surface ‘ Mark/Material Notes

East Wall Painted GWB — Benjamin Moore OC-26 Silver Satin, Specification 09900
eggshell

West Wall Painted GWB — Benjamin Moore OC-26 Silver Satin, Specification 09900
eggshell

North Wall Painted GWB — Benjamin Moore OC-26 Silver Satin, Specification 09900
eggshell

Painted GWB — Benjamin Moore color to match ICI/Dulux Specification 09900
#53YR 17/504 Orange, Copper ORD#A0425 satin finish

South Wall Painted GWB — Benjamin Moore OC-26 Silver Satin, Specification 09900
eggshell

Ceiling Armstrong ACT Ultima HRC Beveled Tegular Specification 09500

Floor TM Supply TM#08-2381; 3/8” thick, thin set poured epoxy | Specification 09440
terrazzo with 4” integral coved wall base

Glazing GL-1 and GL-2 — 1/4” outer glass, 1/2” air space, 1/4” inner | Specification 08800

glass; Viracon VE1-2EM Low-e coating on #2 unit within
the assembly

VLT =0.70

Rout =0.11

Uwinter =0.29

Usummer = 0.26

SC=0.44

SHGC =0.38

LSG =1.85

Table 4: Café/Commons Room Finishes

BIM/IPD Team #3
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IESNA Design Criteria
Several considerations of high priority are addressed when designing for food service spaces:

Food Courts Illuminance
Appearance of space and luminaires 30 fc Horizontal
Color Appearance and Contrast 3 fc Vertical

Daylighting and Daylight Control

Dining Illuminance
10 fc Horizontal
3 fc Vertical
Food Displays Illuminance

50 fc Horizontal

Being such a large space, occupants may become dissatisfied or uncomfortable with a non-uniform
layout of luminaires or performance when attempting a variety of tasks. The space must be flexible
enough to hold large social gatherings without tables and be able to have tables for normal space
operation. Uniformity is achieved through rows of recessed linear fluorescent luminaires over the
largest gathering space to provide a blanket of light to the space below. This uniformity will allow for
multiple activities to be performed by occupants — eating, reading, laptop computer work, etc.
Luminaires close to the large viewing window are wired to ten percent output dimming ballasts to adjust
for the presence of daylight in the space. The available daylight will mostly be in the morning hours as
the window wall is facing nearly due east. Four video screens (or video walls as noted) are mounted on
each of the north and south walls. As the fixtures in the open space are direct distribution, these media
areas should be outside of the distribution of the recessed luminaires to avoid glare.

Color rendering will also be a large consideration in this space. The two activities taking place in this
space rely heavily on color — socializing and eating. Occupants do not want to look at others and see
discoloration in faces, possibly causing the other occupant to look ill. Food preparation and
consumption will also be happening in the space. Food needs to be appropriately rendered, not only for
the consumer, but also for staff to be able to visually affirm quality of food.

ASHRAE 90.1-2007
Lighting Power Density for the café and Commons space is assumed to fall under one of the following
classes:

Dining Area: 0.9 W/ft?
Food Preparation: 1.2 W/ft?
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Figure 18: Café/Commons Floor Plan.
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Figure 19: Café/Commons Reflected Ceiling Plan.
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Figure 20: Café/Commons South Elevation.
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Figure 21: Café/Commons North Elevation.
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Figure 22: Café/Commons West Elevation.
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Figure 23: Café/Commons East Elevation.
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Figure 24: Café/Commons Lighting Plan.
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Corridor/Study Areas

Corridor and Student Study areas present a unique situation for lighting. The student study areas are
open to the corridor which poses an illuminance paradox for the designer. Light delivered to the study
areas will also be falling on the floor of the corridor, thus possibly creating sections of high illuminance
at study areas followed by sections of low illuminance near offices. Existing equipment and design
criteria are as follows:

Fixture Type | Description

NF-1 Ledalite #9814-D1-CR&ST-T232-S-(WIRING)-2-(Ballast); (2) 32W T8 Fluorescent Lamps; 1x4 Ceiling
recessed fluorescent down lights; Ballast factor = 0.88; Operating Voltage = 277V
NF-1B-d1 Ledalite #9814-D1-CR&ST-T232-S-(WIRING)-2; (2) 32W T8 Fluorescent Lamps; 1x4 Ceiling recessed

fluorescent down lights with 10% dimming ballast; Advance Mark 7 Series Ballast with ballast
factor = 1.0; Operating Voltage = 277V

Table 5: Corridor/Study Areas Lighting Hardware

Surface Mark/Material Notes

East Wall Painted GWB — Benjamin Moore OC-26 Silver Satin, Specification 09900
eggshell

West Wall Painted GWB — Benjamin Moore OC-26 Silver Satin, Specification 09900
eggshell

North Wall Painted GWB — Benjamin Moore 2111-60 Barren Plain, Specification 09900

eggshell (Student Study & Corridor)
Painted GWB — Benjamin Moore 2029-40 Stem Green,
eggshell (Lounge)

South Wall Painted GWB — Benjamin Moore OC-26 Silver Satin, Specification 09900
eggshell
Ceiling Armstrong ACT Ultima HRC Beveled Tegular Specification 09500
Floor Mannington Solidpoint Vinyl Composition Tile 12”x12” in
341 Cameo White (Corridor)
J&J Commercial/Invision Altered Elements Weathered Specification 09685

Steel Modular 333 Iron Carpet (Student Study)

J&J Commercial/Invision Flax Modular 913 Kona Carpet
(Lounge) Specification 09685

Glazing GL-1 and GL-2 — 1/4” outer glass, 1/2” air space, 1/4” inner | Specification 08800
glass; Viracon VE1-2EM Low-e coating on #2 unit within
the assembly

VLT =0.70

Roue = 0.11

Uwinter =0.29

Usummer =0.26

SC=0.44

SHGC =0.38

LSG=1.85

Table 6: Corridor/Study Areas Room Finishes
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IESNA Design Criteria
Considerations of high priority with respect to the study area, use of VDT screens in the study area, and
the corridor:

Corridors Illuminance

Shadow Avoidance 5 fc Horizontal
Study Areas (Reading Tasks) Illuminance

#2 Pencil Tasks 30— 50 fc Horizontal

Printed Tasks

Points of Interest
Avoid Reflected Glare
Avoid Shadows

VDT Screens Illuminance
Avoid Reflected Glare 3 fc Horizontal
Avoid Direct Glare 3 fc Vertical

Luminance of Room Surfaces
Source/Task/Eye Geometry

Luminance Ratios
Paper—VDT: 3:1/1:3
Task — Adjacent Surroundings: 3:1/1:3
Task — Remote Surfaces: 10:1/1:10

Corridors and study areas individually are relatively straight forward to design, but when they are
coupled without a barrier, the design is more complicated. Corridor spaces only require five footcandles
of illuminance, yet in this application they are adjacent to study spaces requiring thirty to fifty
footcandles for various tasks. Light falling on the corridor from the study areas will easily meet this
illuminance. As discussed at the beginning of this topic, the study areas may unintentionally provide
areas of high illuminance in the corridor. Orienting the luminaire perpendicular to the corridor path will
help dissolve some of the spill into the corridor from the study areas.

Daylight integration is seen in the study areas as all luminaires are wired to dimming ballasts down to
ten percent outputs. Large challenges in controlling light in the study areas still exist in the form of
recommended vertical illuminance values. The corridor and study areas are oriented towards the solar
south east. Low level sun angles in the morning and early afternoon may pose problems for students
working at the computers in this area.

ASRAE 90.1-2007
Lighting Power Density for the café and lounge space is assumed to fall under one of the following
classes:

Study Area: 1.2 W/ft?
Corridor: 0.5 W/ft?

*The study area is assumed to be a “Lounge/Recreational” space by ASHRAE 90.1 definition.
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Figure 27: Corridor/Study Area Lighting Plan.
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Figure 28: Corridor/Study Area Finish Floor Plan.
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Fixture Cut Sheets
See Appendix pages for the following specific fixture cut sheets:

DC-1 EL-5 NF-1B-d1 NF-5-d1
DC-1A NF-1 NF-5 NF-10
DC-4-d1

Existing Conditions Verification

The following section contains an evaluation of the existing lighting design for three spaces: a third floor
seminar room, third floor café/lounge area, and the third floor corridor/study area. The spaces were
evaluated in AGi32 to determine horizontal and vertical illuminance values.

Seminar Room

Seminar Room Light Loss Factor' Sample Calculations for DC-1A
Reflectance Transmittance Luminaire Dirt Depreciation
Surface Value Value 12 month cleaning interval
e W curve for Direct Fixture = .93
Gypsum Ceiling 0.86 Lamp Lumen Depreciation
ACT Ceiling 0.78 = (Mean Lumens/Initial Lumens)
Door Glazing 0.5 = (2590/3200)
Door** 0.5 Room Surface Dirt Depreciation
Door Trim** 0.5 RCR=(5Hx(W+L))/(Lx W)
Floor** 0.13 RCR = 5(10) x (18.5 + 42.5)) / (42.5 x 18.5)
Floor RCR = 3.88
Molding** 0.3 Direct Curve = .95
- Ballast Factor
Shelving 0.5 Advance Transformer Ballast =.98
Wall 0.76 Total Light Loss Factor
Wall Paneling 0.23 = (LDD x LLD x RSDD x BF)
**\/alues from AGi32 swatches for similar materials = 20'7933 x 0.84x0.95x0.98)

Table 7: Surface reflectance/transmittance values

TIESNA Chapter 9

Light Loss Factors - Seminar Rom

Fixture

Type LDD LLD RSDD BF Total LLF
DC-1A 093 | 0.84 | 0.95 0.98 0.73
DC-4d1 093 | 0.84 | 0.95 1.00 0.74
NF-1Bd1 093 | 0.94 | 0.95 1.00 0.83

*LDD calculated from new IESNA guidelines for Clean
Environment based on 12 month cleaning interval.

Table 8: Light Loss Factors
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Figure 29: AGi32 Plan Renderings.
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Figure 30: AGi32 Illuminance Contour Lines.
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Figure 31: AGi32 Perspective Rendering.

Figure 32: AGi32 Perspective Pseudo Rendering.
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Seminar Room - Work Plane Horiz. llluminance

Max Mini.mum Seminar Room -4' Vertical llluminance
lluminance | 111fc Illuminance 26.8fc Max Minimum
Max/Min 4.14 Avg./Min 2.76 Illuminance | 38.2fc [lluminance 11.4fc
Table 9: Horizontal llluminance Max/Min 3.35 Avg./Min 2.29

Seminar Room

Design Criteria Actual Values
Meeting Tasks
30fc Horizontal 74fc
5fc Vertical 26.16fc
Video Conferencing
50fc Horizontal 74fc
30fc Vertical 26.16fc

Table 11: IESNA Value Comparisons

Lighting Power Density

Fixture Type | Number of Fixtures Watts/Fixture | Watts
DC-1A 4 36 144
DC-4d1* 12 37.5 450
NF-1Bd1 18 67 1206
*2 fixtures per ballast 1800
Table 12: LPD Calculations Total Area= 837
2.15
Lighting Power Density
ASHRAE 90.1
Space Allowable Actual
Seminar Room
Conference
Room 1.3W/ft? 2.15W/ft

Table 13: ASHRAE 90.1 LPD Comparisons

Critique

Table 10: Vertical llluminance

= Total Watts

= Watts/ft

The lighting design for the seminar room in Millennium Science Complex although aesthetically pleasing
exceeds most IESNA criteria. The horizontal illuminance levels in the space are more than double the
required levels at maximum output. The vertical illuminance levels are well above meeting task
requirements, but much closer to those required for video conferencing. The lighting design also fails to
meet maximum lighting power density requirements of ASHRAE 90.1, the allowable W/ft? is 1.3 and the

actual is 2.15W/ft?.

BIM/IPD Team #3
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The lighting design does meet considerations for a multiuse space. The open space has a uniform
illuminance level, although too high. The all-direct system may create issues regarding glare with VDT.
The location of the luminaires works well aesthetically, along with providing light to the proper areas of
the room for the room’s range of tasks. The lighting levels can be reduced by dimming the linear
fluorescent fixtures in the center of each seminar room which helps provide a flexible lighting design

that can adapt to different tasks.

Café/Common Area

Common Area

Reflectance Transmittance
Surface Value Value
Gypsum
Ceiling 0.86
ACT Ceiling 0.78
Cooler** 0.1
Door Glazing 0.5
Door ** 0.5
Door Trim** 0.5
Exterior
Glazing 0.7
Floor 0.5
Kitchen Floor 0.5
Mullions 0.55
Table** 0.5
Walls 0.76
**Values from AGi32 swatches for similar materials

Table 14: Surface reflectance/transmittance Values

Light Loss Factors - Common Area

Fixture Type LDD Total LLF
DC-1A 0.93 | 0.84 | 0.96 | 0.98 0.74
NF-5** 0.93 | 094 | 0.96 | 0.88 0.74
NF-5d1 0.93 | 094 | 0.96 | 1.00 0.84
NF-10%** 0.93 | 094 | 0.96 | 0.88 0.74

PC-1 0.84 | 0.94 | 0.96 | 0.98 0.74

*LDD calculated from new IESNA guidelines for Clean
Environment based on 12 month cleaning interval.

**Specs call for min ballast factor > .9 for T8 fixtures

Table 15: Light Loss Factors

Light Loss Factor’ Sample Calculations for NF-5
Luminaire Dirt Depreciation
12 month cleaning interval
W curve for Direct Fixture = .93
Lamp Lumen Depreciation
= (Mean Lumens/Initial Lumens)
=(2827/3007)
=.94
Room Surface Dirt Depreciation
RCR=(5Hx (W +1L))/(LxW)
RCR =5(11) x (45+ 60)) / (60 x 45)
RCR=2.14
Direct Curve = .96
Ballast Factor
Advance Transformer Ballast = .88
Total Light Loss Factor
=(LDD x LLD x RSDD x BF)
=(0.93x0.94 x 0.96 x 0.88)
=0.74

TIESNA Chapter 9
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Figure 33: AGi32 Plan Rendering.
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Figure 34: AGi32 Illuminance Contour Lines.
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Figure 35: AGi32 Perspective Rendering.

Common Area - Work Plane Horizontal llluminance ‘

Max Minimum Common Area -4' Vertical llluminance

lluminance | 42.6fc Illuminance 16.9fc

Max Minimum
Max/Min 2.52 Avg./Min 2.08 Illuminance | 25fc Illuminance 6.3fc
Table 16: Horizontal llluminance Max/Min | 3.97 Avg./Min 2.82

Table 17: Vertical llluminance
Common Area

Design Criteria Actual Values
Food Courts
30fc Horizontal 35fc
3fc Vertical 17.75fc
Dinning
10fc Horizontal 35fc
3 fc Vertical 17.75
Food Displays
50fc Horizontal 35fc

Table 18: IESNA Value Comparisons
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Lighting Power Density

Common Area - LPD

Fixture Type Number of Fixtures Watts/Fixture Total Watts
NF-5 33 59 1947
NF-5d1 48 67 3216
NF-10 5 59 295
PC-1 3 36 108
5566 = Total Watts

Table 19: LPD Calculations
Total Area = 3021

1.84 = Watts/ft?

Lighting Power Density

Space ASHRAE 90.1 Allowable Actual
Café/Commons
Dining Area 1.3W/ft?
Food 1.84W/ft?
Preparation 1.3W/ft?

Table 20: ASHRAE 90.1 LPD Comparisons

Critique

The lighting design for the café/common area is once again aesthetically pleasing. The space once again
exceeds most IESNA criteria. The horizontal illuminance levels are slightly higher than the recommended
values. The vertical illuminance levels are high, and then there is not enough light for the food displays.
The lighting design fails to meet maximum lighting power density requirements of ASHRAE 90.1 — the
allowable W/ft? is 1.3 and the actual is 1.84W/ft?.

The space utilizes linear strips of light and provides a good uniformity throughout the space. The direct
component may create glare issues not only with personal computers, but also with video walls located
within the space. The café/common area also utilizes natural light. This is achieved through motorized
shades and dimmable fixtures. The use of natural light helps to enhance the occupant’s perception of
the space.

AE Senior Thesis 2010/2011 BIM/IPD Team #3
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Corridor/Study Area
Corridor/Study Area Light Loss Factor' Sample Calculations for NF-1
Reflectance Luminaire Dirt Depreciation
Surface Value Transmittance Value 12 month cleaning interval
ACT Ceiling 0.76 W curve for Direct Fixture = .93
Carpet 0.13 Lamp Lumen Depreciation
Cubicles** 0.22 = (Mean Lumens/Initial Lumens)
E);Zjir,:or 0.7 Room Surface Dirt Depreciation
g : RCR = (5Hx (W +L)) /(L x W)
VCT Floor 0.88 RCR = 5(11) x (20+ 54)) / (54 x 20)
Walls 0.76 RCR =3.8
**Values from AGi32 swatches for similar materials Direct Curve = .95

Ballast Factor
Advance Transformer Ballast = .88

Table 21: Surface Reflectance Values

 LightLoss Factors - Corridor/Study Area Total Light Loss Factor
FixtureType LDD LLD | RSDD BF  Total LLF = (LDD x LLD x RSDD x BF)
NF-1 093|094 | 095 | 0.88 0.73 =(0.93x0.94x0.95x0.88)
NF-1Bd1 | 0.93 | 0.94 | 095 | 1.00 0.83 =0.73

*LDD calculated from new IESNA guidelines for Clean
Environment based on 12 month cleaning interval

Table 22: Light Loss Factors TIESNA Chapter 9

Figure 36: AGi32 Plan Rendering.
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Figure 37: AGi32 Perspective Rendering.

Student Study Area - Work Plane Horizontal
llluminance

Max Mini_mum Common Area -4' Vertical llluminance
Illuminance | 63.9fc Illuminance 1.9fc Max Minimum
Max/Min 33.63 Avg./Min 2.93 llluminance | 25fc llluminance 6.3fc
Table 23: Horizontal llluminance Max/Min 3.97 Avg./Min 2.82

Table 24: Vertical llluminance

Student Area Corridor - Work Plane Horizontal

llluminance
Max Minimum
lluminance | 40.7fc [lluminance 22.7fc Student Area Corridor -4' Vertical llluminance
Max Minimum
Max/Min 1.79 Avg./Min 1.54 llluminance | 29.2fc llluminance 7.6fc
Table 25: Horizontal llluminance Max/Min 3.84 Avg./Min 1.54

Table 26: Vertical llluminance

Student Area ‘

Design Criteria | Actual Values
Study Areas
30-50fc
Horizontal 42.93fc
3fc Vertical 18.64fc
Corridors
5fc Horizontal 35fc

Table 27: IESNA Value Comparisons
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Lighting Power Density
~_____ StudentArea-Corridor |
Fixture Type Number of Fixtures Watts/Fixture Total Watts
NF-1B 5 59 295
Table 28: LPD 295 =Total Watts

Total Area = 380
0.78 = Watts/ft’

Student Area - Study Area

Fixture Type Number of Fixtures Watts/Fixture Total Watts
NF-1Bd1 15 67 1005

1005 =Total Watts
Total Area = 813

1.24 = Watts/ft’

Table 29: LPD

Lighting Power Density

Space ASHRAE 90.1 Allowable Actual
Student Area
Corridor 0.5W/ft* 0.78W/ft
Study Area 1.2W/ft? 1.24W/ft?

Table 30: ASHRAE 90.1 LPD Comparisons

Critique

The lighting design for the corridor/study areas utilizes rows linear fluorescent fixtures over study areas.
The space exceeds most IESNA criteria. The study area is well designed where the horizontal illuminance
falls within the recommended range. The vertical illuminance levels are higher than the recommended
values. The lighting design fails to meet maximum lighting power density requirements of ASHRAE 90.1,
the allowable W/ft? is 0.5 and the actual is 0.78W/ft*for the corridor, and the allowable W/ft* is 1.2 and
the actual is 1.24W/ft*for the study area.

The space utilizes linear fixtures and provides a good uniformity throughout the study space. The direct
component may create glare issues with personal computers. The spill light from the study area into the
corridor breaks up the uniformity of the corridor. This study area utilizes natural light by using shades
and dimmable fixtures.

Daylight Study

Daylighting was considered in the architectural and electrical design of the Millennium Science Complex.
The architectural daylighting features of the building are large over hangs on at each end of both wings
(Figure 38), and a continuous louvered overhang around entire perimeter of the building (Figure 39).
The architect also chose to use both manual and motorized shades on the exterior glazing. The common
spaces make use of motorized shades, where the private offices utilize manual shades. In the Material
Science wing, the private offices have upper glazing on the wall in an attempt to provide natural light
into the corridors.
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Electrically, common spaces use luminaires with dimming ballasts. These luminaires are tied into
daylight sensors which will decrease electric light output in the spaces accordingly. Private offices utilize
daylighting based on occupant preferences; the occupant chooses when the shades are used, and also
when lights should be utilized.

ol \(3y

Figure 38: Section of Large Overhangs
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Figure 39: Section of Continuous Louvered Overhang.

Office Daylighting Analysis

This section includes a Daysim analysis of a typical private office containing only the continuous
louvered overhang. The analysis includes Daylight Autonomy and Continuous Daylight Autonomy for
each the North, South, East, and West facing fagade at 30fc and above.
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Office

Reflectance

Value Transmittance Value
Gypsum
Ceiling 0.86
ACT Ceiling 0.76
Door 0.5
Door Trim 0.5
Exterior
Glazing 0.7
Floor 0.13
Mullions 0.55
Interior
Glazing 0.5
Shade 0.1
Walls 0.76
**Values from AGi32 swatches for similar materials

Table 31: Surface reflectance/transmittance values.

Daysim Results
The following are sample results from Daysim for the North Facade (other facades can be found in the
appendix).

f

SetDayight | | SetSchedds Custome Display | [ Save Image Recal Ioage |
_

Figure 40: 30fc Daylight Autonomy — North Facade
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_ setDayight | [ Setscheddn | | CustemceDiplay | [ saveimage Recal Inage

Figure 41: 30fc Continuous Daylight Autonomy — North Facade

Daylight Analysis

The daylighting system is effective in private offices; the space receives 30fc of daylighting
approximately 70 percent of the time. The system in the office is fully dependent on occupant
preference; therefore it’s difficult to determine if the system would be operated optimally to maximize
energy savings. The integration of automatic shades along with dimming in the private offices would
increase energy savings, but they payback period may be too large.

Although from the Daysim models the system appears to work very well for the private offices there are
several areas that could be approved. By implementing fagcade specific overhangs and light shelves
energy savings could be greatly improved. Also in order to prevent glare issues involved with excessive
direct sunlight vertical shading could be utilized on the east and west facing facades. The overall
daylighting system for the Millennium Science Complex appears to be based more on aesthetics of the
facade than true performance of the system.
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Assigning Design Criteria in RevitMEP

Now that design criteria has been examined in previous sections, this section of Technical Assignment |
examines how lighting design criteria can be entered into BIM software, such as Revit MEP. Platforms
under examination are AutoDesk Revit MEP 2011 and Autodesk Revit Architecture 2011. Several topics
will be examined including the following:

Entering Material Properties
Setting Design Criteria
Calculation Process in Revit MEP

Entering Material Properties

Professionals who have used platforms of AutoDesk Revit are usually familiar with the materials editing
process, but not to the level of detail that can be fully achieved with the programs. With respect to
lighting design, the generic material types in Revit MEP simply are not enough to provide detailed
renderings of spaces, which keep lighting design out of BIM. Embedded within the material properties
of Revit Architecture are custom materials. In order to appropriately model surfaces such as “painted
gypsum wall board with [manufacturer] cool gray paint,” the designer should use a custom wall.

When going deeper into the wall construction and materials, the user will notice that there is not much
room for customization in the generic Revit material types. For example, the standard gypsum wall
board acts like a painted surface (Figure 42). There are pre-loaded properties of finishes in the following
combinations of color, finish, and application:

Color Finish Application
Customizable Flat/Matte Brush
Eggshell Roller
Platinum Spray
Pearl
Semi-gloss
Gloss

AE Senior Thesis 2010/2011 BIM/IPD Team #3
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Figure 42: Material Properties - Finishes

Each of these finishes and applications has properties of reflectance, specularity, roughness, etc. that
cannot be accessed by the designer. A good way to make the surface somewhat custom to the design is
to begin with a “Generic” material and adjust colors and reflectivity (Figure 43).
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Figure 43: Material Properties — Custom Finishes
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These properties, however, are not exactly the inputs lighting designers wish to be able to control. The
direct reflectivity and oblique reflectivity are defined by Revit Architecture as follows:

Direct Reflectivity: Measurement of how much light the material reflects when the surface is
directly facing the camera. Enter a value between 0 (no reflections) and 1 (maximum
reflections).

Oblique Reflectivity: Measurement of how much light the material reflects when the surface is
at an angle to the camera. Enter a value between 0 (no reflections) and 1 (maximum
reflections).

This means that designers must perform a calculation to find the relative reflectivity of their surfaces, or
guess and hope that their inputs are somewhat accurate. On the positive end, there are materials that
do have relative inputs. Glass types allow the designer to input reflectance and number of sheets in the
panel. Glass types do not, however, allow for specification of transmittance. Without usable inputs
such as reflectance, instead of reflectivity, and transmittance, instead of transparency, lighting design in
platforms of Revit is simply too time consuming and not worth the input relative to programs such as
AGI32.

Setting Design Criteria

One of the largest challenges of lighting designers is establishing appropriate design criteria for spaces.
The discussion up to this section has been design criteria for three spaces in the Millennium Science
Complex. With the advent of Building Information Modeling, lighting design has an opportunity to
merge into a larger world than lighting software. In its current state, building information modeling
lacks in ultimate usefulness of design criteria such as design illuminance and other measurable
guantities such as uniformity gradient, coefficient of variance, and luminance ratios. However, this
observation is only applicable to Revit MEP 2011 as it is the primary software for IPD/BIM Thesis 2010-
2011.

Revit MEP allows for specialized space criteria once a schedule is created. It is possible to add custom
parameters, but it is not possible to edit pre-loaded templates (Figure 44). Other information, such as
power densities (similar to ASHRAE 90.1) is already embedded into space types. It is possible to add
custom parameters through schedules (Figure 45).
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Building/Space Type Setti

Filter:  Enter Search Words

() Building Type @ Space Type
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Parameter
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Figure 45: Parameter Properties

For the inputs above, the parameter “IES Design Illuminance” will appear under the “Electrical —
Lighting” properties of the space and be in “llluminance” parameters (i.e. footcandles). Now that this
parameter has been created, each space can be edited to have its IES recommended illumination value
within its properties. These new parameters can be drawn out of the BIM model in a schedule, but are
arbitrary to space type. Not being associated with a pre-specified space type creates a labor-intensive
chore to assign design criteria to spaces.
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If IES values and parameters can be associated in the base space types, then it will be possible to have a
visual check on initial space design compliance. Discussed in the next section will be how Revit
calculates average illuminance values and their comparison to actual hand calculations.

Calculation Process Revit MEP
Embedded in space types as discussed in “Setting Design Criteria” of this document are calculated
statistics applicable to lighting design. Parameters for these calculations include:

Variable Inputs Outputs
Lighting Calculation Work Plane Average Estimated lllumination (AEI)
Ceiling Reflectance Room Cavity Ratio (RCR)

Wall Reflectance
Floor Reflectance

These inputs are separate from the “reflectivity” parameters discussed in the previous topic. The
reflectances in this topic are applied to the space. The space is essentially an imaginary box that fills a
room to its extents. The reflectance values apply to the ceiling, walls, and floor of the space box and are
not associated with the materials in the room whatsoever. Each reflectance can be thought of as an
area average for the entire area it is analogous to in the space.

The room cavity ratio is automatically calculated from the “lighting calculation work plane” and the
mounting height of the luminaire. All calculations are used in a basic Lumen Method for the space. This
inherently cannot take criteria such as vertical illuminance, actual uniformity, or luminance ratios as
discussed in the last topic. Other inputs are available that affect the calculation such as customizable
light loss factors and initial intensity (by efficacy, flux, luminous intensity, or illuminance at a distance).
The image from Revit MEP’s help site below shows these inputs (Figures 46 and 47). These all are
combined into a total light loss factor for the calculation.

Photometrics Initial Intensity
Tilt Angle 90.000° —~
Photormetric Web Fie BLIAIS.IES © wattage: i
Light Loss Factor ( 1 Efficacy: ~
Initial Intensity ([ 100,00 W@ 16,90 mjV__ ee— -’ 2 16,90 Imfw |
Initial Color [ 2800 K O Lumi El
Dimming Lamp Color Temperature Shift  <None> AL EA
Color Fiter White b
< | > O Luminous Intensity:
O uminance:
[ << Preview ] [ OK ] [ Cancel ] et of
a distance of:
[ OK ] l Cancel ]

Figure 46: |nitial Intensity
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Det ameer [ SaL: D Light Loss Factor
Identity Data
Keynote Method
Model O simple (® Advanced
Manuf acturer
Type Comments Value
URL
Description Dimmer | Brighter
; Temperature Loss/Gain Factor: 1.00
Assembly Code f J
Type Mark - :
Coct Voltage Loss{Gain Factor: J 1.00
Ballast Loss Factor: J 1.00
\Photometrics
Larmp Tilt Loss Factor: J 1.00
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Photometric Web File BLIA19.IES Surface Depreciation Factor: J 1.00
Light Loss Factor [ 1
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Dirming Lamp Color Temperature Shift  <None> Luminaire Dirt Depreciation: J 1.00
Color Filter White hodl|
< > Total Light Loss Factor:
[ << Preview ] [ OK ] [ Cancel ] [ Apply ] [ - ] [ — J
anc

Figure 47: Light Loss Factors

Revit’s calculation process incorporates all of the input factors from each luminaire and adds them
individually. Regardless of luminaire position, orientation, and distribution, a simple addition of flux is
the only equation used to calculate total illuminance:

n

AEI=Z

i=1

Lumens at Workplane;

Area

The quantity of lumens at the work plane is a peculiar calculation also. It is a product of the “initial
intensity” from the properties seen in the image above, total light loss factors, and the coefficient of
utilization of the luminaire. It is unclear in the Revit MEP help page how the coefficient of utilization is
actually calculated and used and CU does not appear in an output in the properties box of a space.
What the total calculation boils down to is the following:

= (I + LLF % CU);

AEI =
Space Area

i=1
Where: Il = [nitial Intensity in lumens
LLF = total light loss factors
CU = Coefficient of Utilization

As the equation turns out, room reflectance values should have direct bearing on the average estimated
illumination of the space, as should the task plane height. In reality, the user cannot determine how CU
and RCR are used in these calculations. In normal lighting calculations, a room cavity ratio, wall
reflectance, and ceiling cavity reflectance are used to interpolate on a chart for the luminaire. In the
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example below (Figure 48), reflectance values are changed from ceiling/wall/floor of 0.8/0.6/0.2
(standard) to other values.

Electrical - Lighting 2
Average Estimate.., | 24.18 fc

Room Cavity Ratie | 5320162
Lighting Calculati... | 2' 6"
Ceiling Reflectance | 0.750000
Wall Reflectance 0.550000
Floor Reflectance  {0.200000
Control Type

m

3

Electrical - Lighting
Average Estimate... | 2090 fc
Reom Cavity Ratie }5.320162
Lighting Calculati... {2 6"
Ceiling Reflectance :0.600000
Wall Reflectance 0.400000
Floor Reflectance  {0.100000
Control Type

m

»

Electrical - Lighting
Average Estimate... | 2966 fc

Reom Cavity Ratie § 5320162
Lighting Calculati.., i 2" 6"
Ceiling Reflectance :0.950000
Wall Reflectance 0.800000
Floor Reflectance  {0.300000
Control Type

m

Figure 48: Changing Reflectance Values

Notice the inconsistent change in the calculated illuminance and RCR relative to the given equation. If
this calculation were a true Lumen Method, the equations would depend on CU as in the IESNA
Handbook shown here:

(# of Luminaires) (¢ per Luminaire)(CU)(LLF)
Workplane Area

Illuminance =

Where: CU < F(pcc, pw, RCR)

Upon examining luminaires and spaces, it is possible that the “Room Cavity Ratio” report in the
properties dialog is actually a product of RCR and CU. Upon further investigation, this is not true. If
reflectances are changed in a space, the coefficient of utilization is automatically changed per luminaire,
provided that the “Calculate Coefficient of Utilization” box is checked in the luminaire properties. Using
flux transfer, a coefficient of utilization can be obtained that is similar to the value calculated in Revit
MEP:

-1 p1Fi-2 p1Fi-3 M, —Mo, _ Mpc * Agc
p2F2-1 -1 J7Y P M; | = [—My, CU = m
p3Fs_1 psFs_y (p3Fz_3) — 111M; —Mo3 Lamp = PFC

m AE Senior Thesis 2010/2011 BIM/IPD Team #3



(ofare Wil [IPD/BIM LIGHTING TECH I] B
e el iale @ By Jason Brognano, Michael Lucas, Christopher Russell asex

Using the flux balance method, this room has a coefficient of utilization of 0.507 as opposed to a Revit
MEP calculated value of 0.518. “Room Cavity Ratio” in Revit MEP is still unclear as to how to achieve
this value. For the same room, Revit MEP’s output RCR has a value of 5.320. The actual RCR as
calculated by the IESNA Handbook has a value of 5.698. When hand-calculated RCR and CU are
combined in the Lumen Method equation discussed previously, this room should be calculated to be
between 24.80 fc and 30.03 fc depending upon efficiency of the light fixture. Revit MEP calculates the
average estimated illumination for this space to be 24.95 fc, which is analogous to an efficiency of 72.7%
in the Lumen Method calculation.

In conclusion, Revit MEP’s calculation of “average estimated illuminance” can be a good starting point
for lighting design, but is not clear enough communicating how these values are calculated. If a more
extensive demonstration of how Revit MEP calculates average estimated illuminance can be written into
the program, there could be more use for lighting design estimation in Revit.
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Appendix - Reference Materials
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Figure A: Wall Types in Tech 1 Spaces
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ASHRAE 90.1-2007
TABLE 9.6.1 Lighting Power Densities Using the Space-by-Space Method

Common LrD, Wi LPD, Wi
Office ~ Enclosed L1 ise Center
Office-Open Plan 11 Playing Area 14
Conference/Mecting/Multipurpose 13 Exercise Area a9
ClassroonyLecture/Training 14 |Courthouse/Police Station/Penitentiary
For Penstentiary 13 Courtroom 19
Lobby 13 Confinement Colls 09
For Hoel 11 Judges' Chambers 13
For Performing Arts Theater 33 [Pice Stations
For Motion Picture Theater 11 Engine Room 08
Audience/Seating Arca 09 Sleeping Quanters 03
For Gymaasium 04 Office—Sorting Area 12
For Exercise Center 03 |Coavention Center—Exhibit Space 13
For Convention Center 07 [Libeary
For Penitentiary 07 Card File and Cataloging 11
For Religious Buildings 17 Stacks 12
For Sports Arena 04 Reading Area 12
For Performing Arts Theater 26 |Hospital
For Motion Picture Thester 12 Emergency 27
For Transportation 0.5 Recovery 0s
Atriun—First Three Floors 06 Nurses' Station 10
Atrium—Each Additional Floor 0.2 Exam/Treatment 1.5
Lounge/Recrestion 12 Pharmacy 12
For Hospital 08 Patient Room 07
Dining Area 09 Operating Room 22
For Penstentiary 13 Nursery 0.6
For Hotel 13 Medical Supply 14
For Motel 12 Physical Therapy 09
For Bar Loungs/Leisure Dining 14 Radiology 04
Foc Family Dining 1 Laundry-—Washing 06
Food Preparation 12 JAutomotive—ServiceRopair 0.7
Laboratory 14
Restrooms 09 Low Bay (<29 t Floor to Ceiling Height) 12
Dressing Locker/Fisting Room 06 High Bay (25 ft Floor to Ceiling Height) 17
Coeridor/Transition 0.5 Detailed Manufacturing 21
For Hospital 10 Equipment Room 12
For Manufactunng Facility 0.5 Control Room 0s
Stairs—Active 06  |HotelMotel Guest Rooms 11
Active Storage 08  [Domitory—Living Quarters 11
For Hospital 09  [Museum
Inactive Storage 03 Genera! Exhibition 10
For Muuseum 08 Restoration 1.7
Flectncal/ Mechanscal 15 |BankiOffice—Banking Activity Area 15
ANSUASHRAE/ESNA Stundard 90.1-2007 -
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TABLE9.6.1 Lighting Power Densities Using the Space-by-Space Method (continued)

Common Space Types* LPD, Wi Bullding-Specific Space Types LPD, Wite?
Workshop 19  [Religious Buildings
Sales Area [for accent lighting, see Section 9.6.2(b)] 1.7 Worship Pulpit, Choir 24
Fellowship Hall 09
JRetail
Sales Area [for accent lighting, see Section 9.6.3(c)] 1.7
Mall Concourse 1.7
Sports Arena
Ring Sports Area 27
Court Sports Area 23
Indoor Playing Field Area 14
Warchouse
Fine Material Storage 14
Medium/Bulky Material Storage 09
Garage—Garage Area 02
Airport—Concourse 06
AirTrain/Bus—Baggage Area 10
Terminal—Ticket Counter 15

“In cames where both & common space type and & building-apscific type ars lsied, the baliling specific space type shall spply.

Retail Area 4 = the floor arca used for the sale of jowelry,

crystal, and china.

Exception: Other merchandise categories may be included in
Retail Areas 2 through 4 above, provided that justification
documenting the need for additional lighting power based
on visual inspection, contrast, or other critical display is
approved by the authority having jurisdiction.

9.7 Submittals (Not Used)

9.8 Product Information (Not Used)
10. OTHER EQUIPMENT

| Section 10 - Other Equipment |

L 10.1 - Ganecal ]
* =

{ 10.2 - Definlion of Compliance Paths J

{ 70 4 - Mandalory Provisions |

10.1 General

10.1.1 Scope. This section applies only to the equipment

described below.

10.1.1.1 New Buildings. Other equipment installed in
new buildings shall comply with the requirements of this section,

10.1.1.2  Additions to Existing Bulldings. Other equip-
ment installed in additions o existing bulldings shall comply
with the requirements of this section,

10.1.1.3  Alterations to Existing Buildings

10.1.1.3.1  Alterations to other building service equip-
ment or systems shall comply with the requirements of this
section applicable to those specific portions of the building
and its systems that are being altered.

10.1.1.3.2  Any new equipment subject to the require-
ments of this section that is installed in conjunction with the
alterations, as a direct replacement of existing equipment or
control devices, shall comply with the specific requirements
applicable to that equipment or control devices,

Exception: Compliance shall not be required for the reloca-
tion or reuse of existing equipment.

10.2 Compliance Path(s)

10.2.1 Compliance with Section 10 shall be achieved by
meeting all requirements of Section 10.1, General; Section 10.4,
Mandatory Provisions; and Section 10.8, Product Information.

10.2.2 Projects using the Encrgy Cost Budget Method
(Section 11 of this standard) must comply with Section 10.4,
the mandatory provisions of this section, as a portion of that
compliance path.

103 Simplified/Small Building Option (Not Used)
104 Mandatory Provisions

104.1 Electric Motors. Electric motors shall comply
with the requirements of the Energy Policy Act of 1992 where
applicable, as shown in Table 10.8. Motors that are not
included in the scope of the Energy Policy Act of 1992 have
no performance requirements in this section.

ANSUVASHRAEAESNA Sundard 90.1-2007
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in enclosures that isolate ballast vibrations, or ¢lec-
tronic ballasts.

ILLUMINANCE SELECTION

In 1979, the TESNA established an illuminance selection
procedure, which was published in the 6th, 7th, and 8th edi-
tions of its Lighting Handbook. The philosophy of that pro-
cedure was to enable the lighting designer to select illumi-
nances based on a knowledge of space and occupant
characteristics as well as the task and worker characteristics.

The philosophy of that procedure has been embraced
again in this edition, but the procedure has been modified
and simplified to place visual performance and therefore il-
luminance selection more in balance with the other impor-
tant lighting design criteria presented in this chapter and dis-
cussed throughout this edition of the JESNA Lighting
Handbook. Specifically, the recommended illuminances
provided in the Design Guide are based on the Society's
judgment of best practice for “typical” applications. Every
situation is unique so, naturally, typical conditions may not
be appropriate for a specific application. As a professional,
the lighting designer should have a better understanding of
the particular space and the needs of the occupants and
clients than what can be presented in a recommended illumi-
nance value for a typical space.

llluminance Recommendations

In 1979, the IESNA established nine illuminance categories,
“A." the lowest set of recommended illuminances, through
“I." the highest set. Each of the nine categories had general
descriptions of the visual task, irrespective of the applica-
tion. Generally, the same approach has been employed in
this edition of the JESNA Lighting Handbook to help light-
ing designers establish the best task illuminance. However,
four important modifications have been adopted.

* The recommended illuminances are no longer pro-
vided without reference to a specific application.
Every application in the Design Guide has a specific
recommended illuminance (horizontal. vertical, or
both) representing best practice for a typical appli-
cation.

The nine illuminance selection categories estab-
lished carlier by the IESNA have been reduced to
seven categories and organized into three sets of vi-
sual tasks (orientation and simple, common, and
special). These groupings provide additional clarity
to the category descriptions (Figure 10-9).
Additional precision has been given to the task de-
scriptions in each category. In the previous three edi-
tions it was impossible for the lighting designer to
unambiguously ascertain what constituted, for ex-
ample, “low contrast” or “small size." Specific

.

IESNA Handbook Illuminance Categories

Figure 10-9. Determination of llluminance Categories*

Orientation and simple visual tasks. Visual performance Is largely
unimportant. These tasks are found in public spaces where reading
and visual inspection are only cccasionally performed. Higher levels
are recommended for tasks where visual performance is
occasionally important.

A Public spaces 30 Ix (3 fc)
B Simple orientation for short visits 50 Ix (5 fc)
C Working spaces where simple visual
tasks are performed 100 Ix (10 f¢)

Common visual tasks, Visual performance is important. These tasks
are found in commercial, industrial and residential applications.
Recommended iluminance levels differ because of the
characteristics of the visual task being illuminated, Higher levels are
recommended for visual tasks with critical elements of low contrast
or small size.

D Performance of visual tasks of high 300 Ix (30 fc)
contrast and large size
E Performance of visual tasks of high

contrast and small size, or visual

tasks of low contrast and large

size 500 Ix (50 fc)
F Performance of visual tasks of low

contrast and small size 1000 Ix (100 fc)

Special visual tasks. Visual performance is of critical importance.
These tasks are very specialized, including those with very small or
very low contrast critical elements. Recommended llluminance
levels should be achieved with supplementary task lighting. Higher
recommended levels are often achieved by moving the light source
closer to the task.

G Performance of visual tasks near
threshold 3000 to 10,000 Ix
(300 to 1000 fc)
vE in lcul are given In Chapter 9,
Lighting Calculations. To account for both uncertainty in photometric measure-
menis and uncertainty in space reflecti llumi should be

with = 10% of the recommended value. It should be noted, however, that the fi-
nal illuminance may deviate from these recommended values due to other
lighting design criteria,

ranges of contrast and size have been established for
this edition (Figures 10-10 and 10-11).

» Recommended illuminances increase roughly loga-
rithmically with increasing task difficulty by com-
bined changes in task contrast and task size, as de-
fined in Figure 10-10. These recommendations are
guided by both the scientific literature and practical
experience.

High illuminances can partially compensate for small size
and low contrast to maintain high levels of visual perfor-
mance, Changes in visual performance as a function of task
contrast and size, background reflectance. and observer age
can be calculated precisely.” For well-controlled situations,
this procedure can be a useful predictive tool. However. per-
formance at a visual task depends on many uncontrolled vi-
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Acoustical Aspects. The acoustical criteria for open-plan
offices are often quite stringent. Of special concern is the
acoustical privacy between workstations. In closed office
spaces this is provided by permanent walls, but in their ab-
sence, the ceiling takes on increased importance along with
the space dividers. Luminaires, either recessed or surface
mounted, can have an adverse effect on acoustical absorp-
tion. Lensed luminaires can reflect sound to adjacent work-
stations, whereas louvered units break up the reflected sound.
To ensure a completely satisfactory open-plan installation,
the designer should work with an acoustical consultant.

Private Offices

A private office is generally a fairly small space (8 to 12 m?)
with floor-to-ceiling partitions and one occupant. Ceiling-
mounted direct luminaires are typical. Usually luminaires
outside the private office cannot be seen by the occupant, so
the luminaire brightness may be less important than it is for
larger spaces. However, if the partition walls are glazed or
contain clerestory windows, overhead lighting within the
private office may affect those outside and vice versa, In this
case, the overhead lighting should be treated as in open-plan
areas.

As in open-plan offices, task lighting, combined with
low-level general illumination, can be used for private of-
fices, Because the wall area of a private office is large rela-
tive to the room size. there is opportunity for wall lighting 10
provide all or part of the general lighting; the result is often
. more pleasing in appearance than lighting from ceiling
sources alone. Wall washing with individual luminaires or
continuous linear sources produces a more open. brighter
appearance. Highlighting features such as artwork or creal-
ing patterns of brightness on the walls also lend variety and
interest.

For the best lighting layout, the furniture arrangement
should be determined before the lighting is planned. This al-
lows for specific placement of luminaires so as not to cause
veiling reflections. This is rarely possible in a private office,
so alternatives should be considered. These include indirect
lighting from wall-mounted or ceiling-suspended lumi-
naires, a combination of indirect luminaires and direct light-
ing, wall coves to provide both wall luminance and task illu-
mination, and direct-indirect illumination from suspended
or wall-mounted luminaires.

Downlighting should not be used to provide task illumina-
tion. The point source nature of these types of luminaires is
likely to cause harsh hand shadows on the task. Additionally,
if these luminaires are placed in the offending zone, reflected
glare or veiling reflections can occur. Downlighting may be
appropriate for wall washing or accent lighting, however.

Conference Rooms

Visual tasks in conference rooms range from casual to dif-
ficult. Direct glare and modeling of faces or objects as well

as design composition, style, and image are the ey issues
for the lighting design for meetings, See Chapter 10, Qual-
ity of the Visual Environment. Two or more lighting sys-
tems should be planned to provide flexibility for this
range:

1. A general lighting system in which the control of
illuminance is provided by switches or dimmers.

2. A supplementary lighting system consisting of
downlighting with dimmer control for slide projec-
tion and other low-level illumination requirements.
Due to improved technology and the reduced cost
of electronic dimming systems for fluorescent
lamps, it is sometimes effective to incorporate dim-
ming into the general fluorescent system, thus
eliminating the need for a second system.

3. A perimeter or wall-wash lighting system con-
trolled with dimmers for better visual appeal and
for wall-mounted presentations.

Video Conference Lighting

Video conference lighting serves two purposes: to illumi-
nate people working and interacting with each other, as in
any conference room, and to illuminate people interacting
with other people at remote locations, via video displays.
These two requirements do not always complement each
other. Lighting that is designed for maximum visual comfort
and minimal glare does not always lend itself well to the
lighting requirements for high-quality camera images.

Lighting for video conferencing has its roots in photo-
graphic and television lighting, where most of the funda-
mental principles and techniques for camera lighting apply.
Camera lighting consists of key light, back light, and fill
light, Key light creates dimensionality and a modeling effect
for the subjects of the scene. Back light helps to outline the
subjects, creating depth of field and heightening the sense of
drama. Fill light provides general illumination, reduces
harshness, and softens shadows. Both key and back light are
task-specific, focused light aimed at the main subjects of the
scene, whereas fill light can be regarded as ambient and dif-
fused light.

Since video conference room lighting should create a
normal conferencing setting without having the feeling of
being on stage or under the spotlight, it is desirable not to
have dramatic lighting for video conferencing. Practical im-
plementation can also be achieved with two different layers
of lighting: one with totally indirect luminaires for fill light,
and the other with totally direct luminaires to provide key
and back light, One benefit of using two separate lighting
systems is that dimming can be separately applied to each
lighting layer, creating a flexible lighting design that is more|
accommodating to individual preferences and to the varying
functions of the conference room.

Typically, illuminances of 500 Ix (50 fc) are adequate for|
occupants and for most modern video cameras. For more
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information on meeting room lighting and television light-
ing, see Chapter 15, Theatre, Television, and Photographic
Lighting.

Drafting and Graphic Production Rooms

Visual requirements for drafting demand high-quality illu-
mination, since discrimination of fine detail is frequently re-
quired for extended periods of time. Significant graduation
of shadows from drawing equipment and hands reduces vis-
ibility and productivity. Lighting systems that avoid re-
flected glare, veiling reflections, and task shadows are very
important in providing maximum visibility. Indirect, semidi-
rect, or other forms of overall ceiling lighting minimize
shadows, When ceiling heights or energy constraints do not
permit the use of these systems, direct lighting systems can
be applied where the work surface is illuminated from both
sides. In such a system, the absence of any luminaire in the
offending zone also minimizes veiling reflections and re-
flected glare. Supplementary lighting equipment with user-
adjustable support stems may be attached to the working
surfaces, allowing the worker to position the light for critical
task requirements or to overcome shadows and reflections.
Some lighting systems are attached to drafting machines so
that the light moves with the task, The requirements for
computer-aided drafting (CAD) are very different. They are
similar to but often more demanding than those for VDT
tasks. because of the use of dark color monitors and very
fine detailing and line weight (see the section “Offices with
Video Display Terminals™ in this chapier.)

Reception Areas

Reception areas are designed for people who are waiting for
their appointments and, while waiting, reading or convers-
ing with others. The lighting should be restful and yet pro-
vide enough illumination for reading.

One way to provide a restful atmosphere without direct
glare is by illuminating one or more of the walls. Another
way is to light the ceiling and part of the walls. Accent light-
ing for pictures or for a piece of sculpture enlivens the ap-
pearance of the room. If there is a receptionist located in the
area, the ambient illumination may need to be augmented.
depending on the visual tasks involved. Care should also be
taken to illuminate the receptionist’s face, so as to make this
person look approachable, and also to eliminate harsh shad-
ows caused by the downlights directly overhead. Task light-
ing can be provided for people waiting in the reception area.

Files

Files are primarily vertical work surfaces. In active filing ar-
eas. the work is likely to be long and visually difficult. Tllu-
mination should be directed onto the opened file drawers 1o
minimize shadowing within the drawer. Where files are lo-
cated in a general office environment and vertical illumina-

tion may also cause glare, consideration should be given to
local illumination at the files, with individual manual or au-
tomatic switching located nearby.

Restrooms

Uniform illumination is not required in restrooms. Lumi-
naires should provide light in the vicinity of the mirrors to il-
luminate the face. Other luminaires should illuminate bath-
room fixtures and stalls and should be located so that
partitions do not cast shadows on the plumbing or floors of
the stalls. High illuminances in these areas also have a ten-
dency to encourage cleanliness.

Public Areas

Public areas in a building include entrance and elevator or
escalator lobbies, corridors, and stairways. Since many peo-
ple move through these areas, the appearance of the space
is very important, but so are safety requirements and the
brightness balance with respect to adjacent areas. Public ar-
eas must remain illuminated for long periods, if not continu-
ously. Therefore, serious consideration should be given to
low-power lighting systems. Since many public areas are
egress areas, an auxiliary lighting system is required to cope
with power outages and system failures. These auxiliary sys-
tems can also serve as security lighting.

Entrance Lobbies

First impressions of office buildings are often perceived in
entrance lobbies (Figure 11-15). The lighting should com-
plement the architecture and provide for safe transition from
the exterior to the interior. Consideration must be given to
adaptation by the visual system from bright daylight condi-
tions to darker interiors, or vice versa.

Perhaps the most important element in a lobby is the
walls. Some may be of glass and some of opaque materials.
Walls, if they are of high reflectance, can be illuminated, and
the reflected light can provide all of the illumination for the
lobby to provide orientation for people moving through it. If
specular materials are used, unwanted reflections from lumi-
naires must be considered. Grazing light from luminaires
close to specular surfaces will minimize visible reflections.

If the lobby is enclosed with glass, the interior walls need
to be at a higher brightness during the day in order to be seen
from outside against the high daylight brightness. At night, a
much lower brightness is required. The variable brightness
also makes it easier for eyes to adapt to the ambient condi-
tions when entering or leaving a building. For these reasons,
the lobby lighting should incorporate dimming or switching
controls. Since surfaces have a profound effect on the inter-
action of light and the space. the designer should work with
the architect to choose building materials and lighting sys-
tems that work together to achieve the desired appearance
from different perspectives and at different times.

IESNA Handbook Chapter 11: Office Lighting
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Figure 11-15. The main lobby of a building should provide a good impression. Materials in lobbies are often of high reflectance.
The lighting should enhance the beauty of the building materials and at the same time minimize visible reflections.

Corridors

Corridor illumination on the floor should be at least one-
fifth the illuminance of the floor in adjacent areas. This illu-
minance is both safe and energy efficient and does not re-
quire major visual adaptation upon entering and leaving the
corridor.

Wall finish reflectances should equal or exceed those in
adjacent areas, Linear luminaires oriented crosswise to the
corridor generally make the narrow space appear wider.
Continuous lincar luminaires located adjacent to the side
walls provide high wall brightness and can give a feeling of
spaciousness. Corridors, which are paths of egress, must be
provided with emergency lighting.

Elevator Lobbies

These are classified as casual seeing areas, so high-luminance
differences are acceptable. Relatively high illuminance should
be provided at the elevator threshold to call attention to pos-
sible differences in elevation between the elevator cab and
the floor.

Elevators

Brightnesses approximately equal to those provided in the
building corridors should be provided in elevators. Elevators

are small confined spaces often shared by strangers, so the
lighting should help people feel comfortable. Bright ceilings
and walls can give a feeling of increased size and will also
indirectly light people’s faces. The lighting in an elevator
should always be connected to the building’s emergency
power supply to help alleviate distress in the event of an cle-
vator power failure or malfunction.

Stairways

The stair treads should be well illuminated, and the lumi-
naires should be located to avoid glare and shadows cast by
occupants onto the stairs, Luminaires should be easy to
maintain because ladders are difficult to use in stairways.
Emergency lighting should be provided in all public stair-
ways. Although the lighting requirements are the same for
all stairways, the lighting design solutions may be different.

OFFICES WITH VIDEO DISPLAY
TERMINALS

The VDT is a major element in today’s office and presents
the design team with special problems. In creating a suc-
cessful lighting design, direct and reflected glare must be
controlled, as must the luminances in the field of view.

The VDT screen tilt is important: angles range from ver-
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Figure 13-10. A circular design element is used in a number
of ways in this intimate restaurant: in the concentric circles in
the ceiling, in the circular cove lighting, and in the circular
waiting area that can be set off from the dining area by
draperies. Downlights are aimed to illuminate table tops and
provide general lighting.

HOSPITALITY FACILITIES AND ENTERTAINMENT LIGHTING

ne '1,, ALl B

5

Figure 13-11. This hotel restaurant has a a cheerful interior
with a moderate illuminance level. Pendant luminaires delin-
eate the section of booths.

nances (500 to 1000 Ix {50 to 100 fc]) and uniform distribu-]
tion can be used to suggest a feeling of economy and effi-|
ciency.

Food Courts

food is available in an inviting setting, there is less likeli
hood of people going home or off-site during peak meal
hours.

Proper color rendering is critical, to complement the ap-|
pearance of the food and the patrons. Although walk-up fasff
food counters may present a less sophisticated image than|
fine restaurants, the lighting should still make a positive]
contribution to the experience of being seen in a publig
space.

If lamp life and accessibility are not critical issues and di-
rectional light sources are required, incandescent and tung-|
sten halogen reflector lamps are often considered. However
a variety of luminaires utilizing compact metal halide and|
color-improved high-pressure sodium lamps can also pro-|
vide directional light distributions and good color rendition,
along with longer lamp life and lower energy use.

For more diffuse lighting effects, compact fluorescent)
linear fluorescent, and metal halide lamps are usually con-
sidered. These long-life light sources provide good to high|
color rendering capabilities, and they are available in a vari-|
ety of correlated color temperatures. Typical applications in-
clude both direct and indirect lighting.

Recognizing that tables, chairs, trash receptacles, and
other floor furniture can complicate maintenance accessibil|
ity in a food court, open luminaires with screw-based lamps'

Food courts are designed to keep shoppers in the mall. 11

can simplify relamping procedures. Although line-voltage
incandescent and tungsten-halogen traditionally fulfilled
this need. metal halide screw-based lamps are now available
in a variety of versions for “open” luminaires.

In addition to line-voltage sources, low-voltage incandes-
cent and tungsten halogen lamps are frequently used to high-
light planters, fountains, and other special features. However,
luminaires designed for compact metal halide lamps, reflec-
tor-style metal halide lamps. and color-improved high-pres-
sure sodium lamps can also provide precise directional beam
control, with longer life and lower energy use.

Depending on the demographics of the mall's patrons
and the quality of the food vendors, the illuminance levels
might range from relatively high values that stimulate fast
turnover and frequent cleanup (100 Ix {10 fc] or higher) to
fairly subdued levels that encourage shoppers to linger and
relax (50 to 100 Ix {5 to 10 fc]). Selected illuminance levels
should also account for the potential congestion that can oc-
cur in circulation aisles as peak-hour patrons negotiate their
way past tables and chairs, while balancing loaded trays.

With the food vendors' signs, lighted graphics, and front-
counter lighting, it is common for the tenant areas to con-
tribute to the illumination at the adjacent food court walk-
ways. However, as in the concourse, the designer of the food
court rarely has direct control over the tenant lighting and its
resultant contribution to the public space. Therefore, while it
is important to consider anticipated conditions at the service
counters, the food court lighting should be capable of pro-
viding appropriate illuminance levels independently of
those same conditions (Figure 13-12).

Just as the selected illuminance levels and resulting lumi-
nance ratios in the concourse must strike an appropriate bal-
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Figure 13-12. Whimsical signage delineates the food court
of an upscale mall. A variety of light sources contributes to
the cheerfulness of the place, including neon, fluorescent,
znd metal halide. Daylighting is incorporated through a sky-
fight and window walls.

ance with the retail shop windows. the lighting of the foodl
court must achieve a similar balance with the counter areas|
of the food vendors. A certain level of contrast is desirable to
focus attention on the visual excitement of each tenant’s
graphics. However, an atmosphere of high contrast thall
might be appropriate in a bustling regional mall may be in-|
appropriate in a more sophisticated fashion center.

Cleanup lighting is always an issue, even if the composi-
tion of the food court leans more towards fine dining than to-]
wards fast food. Typical recommended illuminance levels]
for cleaning are 100 to 200 Ix (10 to 20 fc) averages main-
tained.

During normal hours the main lighting system must facil
itate the level of clean-up activity that is appropriate for the]
given atmosphere, time of day, and service methods. After
business hours, it is possible to rely on a secondary systen
of cleanup lights or a control system that allows a portion o
the main lighting system to provide the necessary illumina
tion. If dedicated cleanup lights are used, color rendering i
not important.

Kitchen and Food Preparation Areas

Well-designed lighting helps to create a bright, hygienic at-
mosphere in a kitchen and, by revealing dirt and the pres-
ence of debris, can stimulate good housekeeping (Figure 13-
13). Food preparation involves peeling, slicing, dicing, and
cutting operations, both by machine and by hand. These are
obviously hazardous, and lighting for safety must be a
strong consideration.

Good lighting can reduce accidents, reveal spills that
make floors slippery. and emphasize hazardous areas. In
kitchen and associated support areas there is a need to elimi-

Figure 13-13. This university food service kitchen has a
bright, hygienic appearance with light levels high enough to
accomplish the variety of food preparation and clean-up
tasks that are performed in a kitchen.

nate shadows and to provide illumination on both vertical
and horizontal surfaces. While kitchens contain difficult and
demanding tasks that may require relatively high illumi-
nances, luminaires should be placed and shielded so as not to
create glare into adjacent intimate dining areas when Kitchen
doors are opened. This is particularly important when the ad-
jacent dining area has lower light levels. Color rendering is
important in food preparation and inspection areas.

Visibility can be reduced by large brightness variations in
the visual field. Direct and reflected glare can be significant
obstacles to employee comfort, productivity, and safety:
therefore, exposed lamps in direct luminaires should not be
used. In most food preparation areas, gasketed, damp-la-
beled luminaires are preferred, This allows for easy cleaning
and prevents dirt and grease from entering the luminaires.
Although glare can be controlled in direct luminaires by ef-
fective shielding of the lamps, indirect or direct-indirect
lighting is preferable because it turns the entire ceiling into a
large, low-brightness area source.

Light-colored walls further diffuse the general lighting,
reducing shadows. Because vertical surfaces of equipment
and furnishings typically occupy a significant portion of the
visual field, especially in kitchens, light finishes are recom-
mended for these surfaces.
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Figure D: 30fc Continuous Daylight Autonomy — South Facade
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Figure E: 30fc Continuous Daylight Autonomy — East Facade
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Figure G: 30fc Continuous Daylight Autonomy — West Facade
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